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He was a very good rugby player, in the 1st XV for each of his last three school years and captain in his final year. He took part in school and house plays, including the name part in Julius Caesar. He received the form prize for mathe matics and science in each of his three years in the Vlth, and was also Head of House and Head of School in the last two. He was awarded the Bardsley-Cann Bat-a prize for sportsmanship. Some of his earliest writing is to be found in his House Notes in the school magazine for 1929: 'Nothing overcomes a team that works or plays as a team and not as a collection of individuals.' This belief never left him.
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U n iv e r sit y
He went up to St Edmund Hall, Oxford, in 1930, first starting the essential Latin from scratch in the summer vacation under tuition from his sister, three years his junior, and the local curate. He fixed a notice 'Nil desperandum' on his desk and was soon reading Virgil with enjoyment. Financial problems forced him to take mathematical moderations at the end of his first year, when he got a third; he then took a very good second in physics in the final honours school of natural science in June 1933. In October 1933 he was appointed a temporary demonstrator in the Electrical Laboratory of the Department of Physics. J. S. Townsend wrote of him-'has good knowledge of Physics, is personally very agreeable, and readily collaborates with others working in the same establishment'; 'was very successful as a teacher'. His tutor, T. C. Keeley, says that he was a keen and a hard worker with a good general grasp of physics, and a keen and knowledgeable gardener. He was also interested in photography and entomology, and played the piano and sketched very skilfully. Even so, he found time at Oxford for much sport, and obtained his college colours for rugby, playing in the 1933 final against B.N.C. He was also a member of St Edmund's cricket, tennis, hockey and athletics first teams, and treasurer of the J.C.R.
E arly career
His research with Townsend and E. W. B. Gill of Merton was on electric dis charges in nitrogen at pressures between atmospheric and 10 cm of mercury, and led to a B.Sc. in 1935, his last degree until Bradford gave him an Honorary D.Tech. in 1969, for he left Oxford to become a temporary master at Radley College in the Easter term of 1934. Just before that he had taught for a month at the Dragon School as a substitute, earning £10.
The Warden of Radley gave him a very warm testimonial and would obviously have welcomed him back. However, his next post as a schoolmaster was to be his last, though he never lost an intense interest in education. He was given a temporary appointment at Cheltenham College in the summer term of 1934, and was appointed to the permanent staff in September 1934, remaining until July 1938. All his Cheltenham references speak very warmly of him-'good physicist', 'good character', 'friendly disposition', 'considerable confidence'. He taught elementary biology, chemistry up to School Certificate, and physics up to both School and Higher School Certificates, and coached in rugby and cricket. He was undoubtedly a very successful schoolmaster, and could have prospered in that career. However, he was restless at Cheltenham, and perhaps in England, since in 1937 he applied for posts as Principal Technical Officer in the Admiralty Technical Pool, and at the Cape of Good Hope Observatory. These applications were unsuccessful but he persisted, and in July 1938 was offered and accepted a post as assistant meteorologist in the Sudan Government Service. His unit helped to develop a forecasting service for Imperial Airways' route from Cairo south through Khartoum to Mombasa. Christopher researched his move to the Sudan with characteristic thoroughness. He concluded that Sudanese surgical services were inadequate and that he ought to have his perfectly healthy appendix removed before he left England. This he did, persisting, again characteristically, through several Harley Street refusals until he finally found a willing surgeon (the father of an Oxford friend).
Christopher always loved travel and greatly enjoyed the voyage to Cairo, and even more that up the Nile to Khartoum. In Khartoum he was often entertained at the Governor's residence, the Palace; his other favourite relaxation was to trek by camel with his Sudanese boy, Osman, carrying full camping equipment with them. On longer trips Christopher and Osman would go as far as the Ethiopian, Ugandan or Kenyan frontiers, trekking usually by way of the Blue Nile, and Christopher's letters to the lady he eventually married, Wendy HennikerHeaton, show that he particularly enjoyed the river and mountain scenery of this part of Africa. He seems to have been happy there until the outbreak of war led him to apply for jobs of more national use. Considerable difficulty was placed in his way but he continued to apply for transfers to England, including applica tions for science posts in London. He finally resigned from the Sudanese service in 1940 to volunteer as a pilot in Coastal Command. He was recommended instead to join I.C.I. at Billingham, where the production of iso-octane for the R.A.F. had very high priority.
I m pe r ia l C h em ic a l I n d u s t r ie s , B il l in g h a m
His earliest significant achievement in I.C.I., in which he spent the rest of his working life, was to remove a bottleneck in iso-octane manufacture by means of an analytical approach. This probably first focused his attention on the necessity for exact measurement, and on mathematical analysis of practical engineering problems, as an essential preliminary to their solution. The availability later of computers, which alone allowed full realization of this aim, and also of full process control, was to be energetically grasped and was an essential factor in his success. Before that, however, he established an I.C.I. reputation as an instrument engineer by work on two other nationally important projects, F id o , a project for the dispersion of fog from airfields, and the Tube Alloys (Atomic Bomb) Project. He later described F id o instrumentation as follows. 'We made several odd instruments for this project, to measure the amount of water in a fog, and naturally we had to have a real fog to test them in. We sat up all night waiting for it, going in search of it, praying for it, just a little patch somewhere within 20 miles. We never caught up with it.' Subsequently, they received a letter from the Air Ministry congratulating them on arranging the longest fog-free period ever recorded.
His instrument reputation led in 1946 to his being invited by the I.C.I. Technical Director, F. E. Smith (later Sir Ewart Smith, F.R.S.), an exceptionally able and far-sighted executive, to set up a central laboratory to serve I.C.Fs long term needs in the fields of instrumentation and control. Probably no post could have been more appropriate or have pleased him more. He wrote of this later: 'I was fortunate in two respects in 1946. First, I had decided that Instrumenta tion and Control were going to grow rapidly to a position of great importance; and I knew what had to be done to get them there. Secondly, I was given the opportunity to set up a laboratory to do it. ' Another very important event occurred in 1946, his marriage. He had met his future wife, Wendy Henniker-Heaton, at the home of friends, and since he disliked his Christian names, and momentarily confused A. A. Milne with J. M. Barrie, told her that his name was Christopher. Having made this decision he stuck to it through the long wartime correspondence by which their acquain tance grew, and in 1969 actually changed his name by deed poll to Christopher Alwyne Jack Young. His oldest friends continued to call him A. J .; only his family and new friends used Christopher, which he preferred. The liberality with which he and Wendy gave their time and their interest to British and foreign visitors to his laboratory, particularly later at Bozedown, was quite exceptional, and will long be affectionately remembered.
The former Mrs Henniker-Heaton already had two daughters, Jacqueline and Anthea, of whom their new stepfather became extremely fond. When Anthea was very young she could not understand why Christopher was always working, and he told her he was trying to help the Government. Anthea, thinking he said governess, renamed him Mr Bumble, and the girls used this name throughout his life. Since Christopher and Wendy's marriage was childless, these daughters were a great delight to him.
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T he F r yth e
The Central Instrument Section-later the Central Instrument Research Laboratory-was established first at The Frythe, a former country house in Welwyn, the home also, until 1961, of I.C.I. central research on physics under H. Kolsky, natural products under P. W. Brian, and organometallic catalysis under J. Chatt. Somewhat later, what is now the I.C.I. Central Toxicology Laboratory (then the Industrial Hygiene Research Laboratory) was established at the same site under M. W. Goldblatt. The staff of the five laboratories formed a stimulating scientific community, in which distinguished work was to be done, so much so that three of the five heads ultimately became Fellows of the Royal Society. However, those who were interested in the application of research, as well as research for its own sake, had to suffer a common handicap of a central unit in a strongly decentralized organization with autonomous laboratoriessome resistance to external discovery. In these circumstances such qualities as clarity and strength of objective, enthusiasm for it, persuasiveness and evident professional competence were needed to achieve export of useful change. All of these qualities Christopher Young had, though one had to know him well to realize it fully. With help from colleagues in Billingham, Wilton and Cheshire, his influence became very powerful, in spite of superficial appearance, which was of a very reserved man, intensely fastidious and conservative in manner and in style of dress. This could be deceptive on slight acquaintance, but his sharp and original mind soon became evident to colleagues. Some of them found his ideas perhaps ten years ahead of their knowledge, or even comprehension. One of them adds that 'he lived so far ahead of daily life that his hardworking secretary had, more than once, to repay the loan that the King's Cross ticket collector had made him for his fare to Welwyn Garden City'. Another former colleague makes similar points-'If I had to describe him briefly, I would say that his technical back ground notwithstanding, he had all the marks and attributes of an English country gentleman, with a slightly Edwardian flavour. Travelling with him was a bit like accompanying an English milord on his Grand Tour. Certainly Christopher never made concessions to foreign parts: thus he travelled to the States with a rolled umbrella and a very English hat, and never hesitated to insist on his pink gin whether in New York or Ontario. He was not exactly absent-minded, but did seem a bit accident-prone when it came to losing things. For instance, he managed to lose both his hat and his umbrella on different occasions; he lost his travellers' cheques, so that I had to subsidize him; and he managed once to lose his waistcoat. I found him very outspoken-and very perceptive. I suppose that he did have a typically British reserve at first acquaintance, but he was extremely kind hearted underneath. ' His perception, of the future of his subject and of people, and his kindness, compassion and loyalty to them, particularly if he admired them, were the qualities that allowed him to assemble an outstanding team for the Central Instrument Section, and to lead them outstandingly. This was as true of the shop floor as it was of individualistic scientists. However, his chief interest was in those who interested him; he had no very high opinion of people in general, or much inclination for purely social acquaintance.
The concept that led to the formation of the Central Instrument Section, and of other comparable sections on inspection and engineering standards, was that a central unit should improve the coordination and efficiency of basic work common to many Divisions. Its original remit was: 'A general instrument research and development section should be set up to act as a service to all Divisions, to keep in touch with instrument practice at home and abroad, and hold certain special ized equipment for general use in I.C .I.' (Minute of First Meeting of I.C.I. Committee on Instrumentation, 30.11.45).
Christopher selected the seven original members of the section personally and it is further proof of his perception of people that all of them had very successful careers and that three of them eventually became an I.C.I. General Manager (C. I. Rutherford), the Engineering Director of Metal Box (G. P. Clay) and the Chief Executive of Scottish Agricultural Industries (A. W. Morrison). Another outstanding member of the team, S. T. Lunt, who has kindly provided much material for this memoir records 'that the laboratory was created from a number of empty huts and a disused greenhouse'. He adds that they were all encouraged to use their initiative and ingenuity, and much more was delegated to them than they subsequently experienced elsewhere. Christopher also emphasized that the laboratory should have long-term objectives-he suggested to F. E. Smith that nothing would come from the Laboratory for ten years-and soon produced a much broader approach than the committee had had in mind. In 1948 he defined that approach as the design of process, plant and control equipment as one integrated system to give most profitable performance.
Though expansion of interest thus occurred very early, the Laboratory in its first six years also pursued the development of gas analysers based on ultraviolet and infrared absorption, a thickness meter based on ^-absorption, a nylon chip moisture meter, an automatic titrator for continuous recording of boiler water hardness, and test instruments for artificial fibres.
In 1952 Christopher decided that the Laboratory should now leave the development of new instruments to operating units and concentrate on these objectives: '(i) To foster the analytical approach and the establishment of the mechanism of a system wherever possible; before designing it, modifying it, adjusting it, or operating it. (ii) To encourage a quantitative treatment of problems at all stages of research, development, design and operation, (iii) To introduce the concept of the mathematical model to describe any system under consideration, (iv) In the immediate future to eradicate the practice of adding the control equipment as an afterthought to a plant already designed; in the longer term to design the process, plant and control equipment as one unified system.'
In setting out to achieve these objectives Christopher Young and his colleagues soon found that available servo-mechanism theory of World War II could not be applied quantitatively, because the dynamic characteristics of the process and plant to be controlled were not known. They set out to determine those character istics from theoretical and empirical considerations, making equipment and developing techniques for comparing predictions with responses of actual processes. For example, C. A. J. Y. and C. I. Rutherford (39) developed a technique for analysing the dynamic characteristics of process control loops on an operating production plant by injecting a sinusoidal disturbance into the control valve and recording the consequential, more or less sinusoidal, distur bance of the temperature, pressure etc. being controlled by the loop. After repeating this procedure with sinusoids of three or four periodicities and know ing some of the dynamic characteristics of the process control itself, one could optimize controller settings according to desired criteria. A portable equipment termed 'Portable Pneumatic Analyser' was developed and later helped I.C.I. Divisions with control loop (usually temperature control) difficulties.
Christopher realized that this technique, though imperfect scientifically, provided potentially very valuable insight into the behaviour and design of process control systems. He was equally clear that a much wider range of people than instrument specialists needed this insight, and applied himself with characteristic energy to the presentation of a training course. Plant managers, design engineers and instrument specialists were invited from I.C.I. and also from university departments and instrument manufacturers. His continued enthusiasm for education helped to make these courses very popular, and their demonstration that design for automatic control was feasible as well as desirable was very valuable for many years afterwards.
The early work highlighted the fact that though some commercially available control instruments generated three-term (i.e. proportional plus integral plus derivative) control actions, the effective level of those actions differed from the settings on the calibrated dials because of interactions within the controller itself. He took the initiative of setting up a collaborative programme with instrument manufacturing companies, aimed at characterizing existing controllers and leading to the joint evaluation of proposed new instruments.
Christopher Young, nevertheless, was becoming increasingly concerned by limitations of methodology at this stage of its development, leading to impact mainly on problems of existing processes and instruments, rather than on the desired but difficult prediction of performance of control systems at the plant design stage (2). He highlights this problem in 1950: 'It cannot be long before plants are designed for automatic control and the engineer must know the charac teristics he has to incorporate. "Designed for automatic control" in this context does not merely imply that the plants will be designed in the knowledge that they will be automatically controlled. The majority of plants are at present designed in this knowledge-and their design would not be so very different, providing the process could be run without automatic control, if they were to be manually operated. The point is that plants should be, and it is hoped soon will be, designed to take full advantage of the potential benefits of automatic control. Unfortunately, there is not yet available sufficient data on the characteristics of existing plants, as they affect the control problem, to make such design com pletely possible in detail.' He emphasizes this again in his remarks as Chairman of the Cranfield Control Conference in 1951. 'They also require for useful application a quantitative knowledge of the characteristics of the components of the control loop, which is not yet available in the case of the process control loop for its most important component, i.e. the plant itself.' This conference (3), the first major international meeting of leading workers on both servo-mechanisms and process control, marks the emergence of C. A. J. Young's international prestige.
In pursuit of these ideas he now set out to recruit chemical engineers and others for an expanded multi-disciplinary approach to research that could have a greater effect at the design stage. He also began to contribute strongly to the development of the subject outside I.C.I. Thus he was a member of the O.E.E.C. mission to the U.S.A. 'Chemical apparatus in the U.S.A. ', published in 1952 (5) , and published 15 other papers in the next three years (6-20) including one in Sweden (6) and one in the U.S.A. (8). During this same period he had also been working on an authoritative textbook with the purpose 'to help engineers of all kinds to design better control systems' which was published by Longmans in 1955 with the title An introduction to process control system design (15). This book has now run to its fourth impression and been extensively translated into other languages, including Japanese and Russian, but perhaps the most significant fact is that it is still relevant and extensively used as a basic textbook despite the rapid advance of technology.
Mrs Young made an important contribution to the book by getting Christopher to start writing it-a very difficult task. After he had delayed nearly a year she asked him where he would be most comfortable to write easily, and he replied 'in bed'. So on a Saturday morning she settled him there with his college scarf, a blazer, an American wet-weather hat on his head, and a large notepad and several pencils, with encouragement to have several pages written by lunchtime. This was accomplished, and Christopher then wrote the rest voluntarily without much trouble. Christopher dedicated the book to Wendy, and recognized her special contribution by writing on the flyleaf of her copy: 'To my darling Cub, the first copy, with love and gratitude for your help and patience in all things, as exemplified during the writing of this book in a very special way, from Christopher, June 1955.' Another important aspect of his influence outside I.C.I. during this period was his enthusiastic involvement with the development of the Society of Instrument Technology (S.I.T.). He was its President from 1954 to 1957, and did much to widen its interests from instrumentation to the total design of plant plus control system. The organization of a joint conference with the Institution of Chemical Engineers in October 1955 on 'Automatic control in the process industries' (14) followed in 1956 by a joint conference on 'Plant and process characteristics' at Cambridge illustrates this, and established working links between the two Institutions that have persisted and are still active. This period also led to a strong personal association with Sir Harold Hartley, then President of the Institution of Chemical Engineers, which had a continuing influence on the development of the subject; Sir Harold himself succeeded him as President of the S.I.T. and Christopher was to be the first recipient of the Sir Harold Hartley medal awarded by the then Institute of Measurement and Control for outstanding contribution to the technology.
B o zed o w n
In 1956 the aims and size of the research team had outgrown the initial site at The Frythe, and the team was moved to a country house, 'Bozedown', over looking the Thames at Whitchurch, which Christopher chose rather than a larger but less elegant one at Maidenhead. This concern with quality was a constant characteristic: thus, Professor John Coales has written: 'He was disgusted with anything shoddy and would only countenance the best in any thing he did or purchased, the latter almost to the point of extravagance in the eyes of some.'
Christopher built himself a bungalow on the edge of the Laboratory site, appropriately Y-shaped, from which he completely absorbed himself in the work of the Laboratory and where he and Wendy entertained the steady flow of I.C.I. and overseas visitors. The separate site gave him the new responsibility of setting Biographical Memoirs up and controlling workshops, catering, kitchens and gardeners. He insisted on minimizing distinctions between weekly and monthly staff, who shared all facilities, and established common working hours. The loyalty of the weekly staff was an important asset to the Laboratory, for example in the flexibility of approach, speed of response and quality of work from the engineering workshop. It was typical that he was more than willing to involve himself in anyone's personal problem from the gardener to his most senior manager.
This extension of management responsibility coincided with a greatly enlarged research staff (at its peak 170), and he could no longer be closely involved with specific research programmes, but maintained a key strategic role. His manage ment style placed great emphasis on setting ambitious research targets and hence taking risks, and on recruiting outstanding scientists. He was also liable to approach problems in an unorthodox way, as when one morning he invited a group of persistent late-comers into his office for sherry as they arrived for work -apparently very effective. He regarded recruitment as a personal responsibility and spent much time on it: several outstanding recruits were pursued through postgraduate studies in the U.K. and then postdoctoral work in the States.
In order to help the direction of a larger research team with much wider research targets, he took another imaginative step in creating two senior con sultant posts in the laboratory. These posts, filled by a chemical engineer and a chemist/economist, were to be purely technical and strategic and uninvolved in the administration of the Laboratory.
In the early years at Bozedown, Christopher directed the Laboratory towards the now well established target of predicting the dynamic behaviour of chemical processes at the design stage. Early work was largely confined to the physical unit operations, for example, distillation (40), heat exchangers (44), evaporators (43) and absorption columns (45). It re-emphasized the difficulty of obtaining good experimental data from full scale plant in order to check theory. At the same time it was becoming increasingly clear that there was the opportunity for a far greater improvement in overall economic performance of processes through changes in operating conditions and perhaps design of the chemical reactors themselves (41). There was also the realization that emerging electronic com puter technology would soon make it possible to handle the complex equations involved in mathematically modelling these systems. This led to the develop ment with S. T. Lunt of the concept of the mobile flameproofed measurement caravan containing sophisticated instrumentation that allowed measurements normally only possible in the laboratory to be carried out easily on any operating plant.
The first of these in 1957 (42) was equipped with the latest data-logging equipment capable of recording 50 process variables as electrical (e.g. thermo couples) or pneumatic signals. Christopher set up a small field section at the large Wilton factory to develop this initiative into an important new means of process investigation. This initial caravan was followed later by a second con taining high quality infrared and ultraviolet machines not normally found outside the research laboratory, and later still a mobile on-line computer (Ferranti Argus 100) was provided so that exploratory on-line computer proposals could be assessed without having to justify the large capital expenditure for a permanent installation.
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C o m puters
By 1956 the electronic computer was becoming a practical reality and Christopher Young quickly saw it as a foundation for his long-term research aims. The first important one was an exploratory project with Elliot-Automation to solve the differential equations describing the I.C.I. ammonia con verters. Although successful both as a mathematical exercise and in providing insight into the performance of this chemical reactor, the exercise also demon strated the difficulty of using digital computers in 1956, with their machinebased, fixed-point programming code. This work led to links with the Electrical Engineering Department at Manchester University where work on development of the Ferranti Mercury computer was taking place, including pioneering work on the high-level language 'Autocode'. The significance of high-level language was starkly demonstrated when a member of the Laboratory was able to define, program and obtain a solution to a meaningful engineering design problem within one day, in contrast to the months required on the earlier project on the ammonia converter.
Christopher was profoundly influenced by this language development, which predated the I.B.M. fortran language by almost two years, and recognized its ability not only to reduce programming time dramatically, but also to allow the scientist or engineer to formulate and solve his own problems. As a result he embarked on an ambitious plan to introduce digital computers into the Laboratory and I.C.I.
A Ferranti Mercury computer was too costly for the Laboratory alone and had to be a central I.C.I. purchase. Getting agreement from fiercely independent I.C.I. Divisions for the Laboratory to run a central computer service required all his powers of persuasion, but the Central Service under his control was established at Wilton in 1958. It included a mixed team of mathematicians, engineers and chemists to work with divisional colleagues in developing new applications, and played a very significant part in helping I.C.I. to establish a coherent program library. The Mercury computer was replaced by an English Electric KDF9 in 1964, and soon afterwards the Company reorganized the Group as part of a new Central Management Services Department, headed first by W. B. M. Duncan, and later by Christopher's former colleague, C. I. Rutherford.
In parallel with these developments a similar program was initiated aimed at exploiting the analogue computer. Christopher again led the Laboratory into a central role in the Company, based on an early instrument from Short & Harland in 1959, followed by a Solartron TR 10 in 1961 and finally the Short & Harland Simlac in 1963. Christopher Young invariably tried to help the British instrument and computer industry, particularly in his later work on on-line computers, though of course the results were not always what he hoped for. The analogue computer soon proved to be less useful than the digital computer but established a special role in simulation of dynamic systems for process control and in chemical kinetics.
Christopher saw clearly that the digital computer must eventually play a major role in process control. For example, in his presidential paper to the joint conference between the Society of Instrument Technology and the Institution of Chemical Engineers in 1955 he says that 'some form of calculating machine or computer will be necessary to receive measurement signals from the plant, to calculate what corrections are required to operating conditions, and to send out signals which will effect the necessary corrections. The electrical computer is well fitted for this role, but a problem exists in making such computers with the necessary reliability. Use of new components and new circuit techniques will certainly be developed to produce the necessary reliability.'
Because of their low reliability the first applications of digital computers in operation of chemical processes both inside and outside I.C.I. were in the 'supervisory mode', that is, the process was still controlled by conventional instruments which were monitored by the computer and used to optimize the process continuously by resetting the objective variable of the individual con trollers. In this type of application failure of the digital computer could be toler ated since the process remained under stable control. Christopher was convinced, however, that the major impact of the digital computer on chemical process control would only be realized when the computer system was sufficiently reliable to be entrusted with the basic control task, largely eliminating conven tional instruments.
Hence he set the Laboratory the longer term target of highly reliable, direct computer control. Since no commercial computer system was available in the mid-1950s with the necessary reliability and acceptable cost, the Laboratory set out to make its own. The resulting computer, called 'Bedlam', used transis torized logic and magnetic core memories giving 2K of store, and was used to control a small experimental semi-technical scale chemical reactor, in which ethanol was dehydrated to ethylene over a phosphoric acid-coke catalyst that decayed in activity and gave rise to changing temperature profiles in the reactor. He was anxious for the Company to maintain this momentum in the develop ment of on-line computer control, which he saw clearly was inhibited by the still relatively high cost of computers. His solution in 1964 was to negotiate person ally with the I.C.I. Board for the purchase of six Ferranti Argus computers by the Laboratory on behalf of the Company, and to develop applications jointly with individual Divisions-this again demonstrated his considerable powers of persuasion, described by the then Technical Director, George Whitby, as follows: 'A. J. Y. said to me "I.C.I. will require three or four large data process ing computers and I cannot persuade anyone to order now, yet when they finally make up their minds there will be long delays in delivery. I.C.I. must place a bulk order, you are Technical Director and you must sign it!" It was a large sum of money for those days but A. J. Y. produced a comparison of avail able equipment, recommended what should be bought, and under his pressure I signed the order (no Form A*-but a private nod from Paul Chambers). A. J. Y. then demanded that we secured a position for "on-line" computers with a British maker, so we did that. In a fairly short space of time all these commit ments were taken up by the Divisions.' This initiative, and the enthusiastic response of I.C.I. Divisions, allowed I.C.I. to remain among the world's leaders in this field.
One of the most ambitious of the early projects with Divisions went a long way towards realizing one of Christopher's consistent goals-to design the control system as an equal and integral part of the plant itself. This application, in a multi-product dyestuffs plant, was such that the highly integrated process design was only considered feasible and realistic when coupled with its on-line computer control system.
Later in the 1960s it became increasingly apparent that although the cost of the computer itself was decreasing at a rapid rate the cost of installing a total on-line computer system was not, and if anything was rising because of the increasing costs of software and the high cost of interface equipment to connect the com puter to the process. Christopher was also concerned by the fact that virtually all computer manufacturers were developing software and interface hardware that were largely incompatible, and by the resulting inefficient handover and rapid obsolescence of systems. This led him to create two new major research initiatives, one aimed at a special high level programming language designed for on-line (i.e. real time) applications RTL (Real Time Language), and the other aimed at a novel system of interface instrumentation M edia (Modular Electronic Digital Instrumentation Assemblies). Besides reducing the costs of implementing a complete on-line system both these initiatives shared a further objective, i.e. to be as far as possible 'machine independent' and hence to be free from built-in obsolescence.
RTL needed to differ in several important respects from data processing languages such as Fortran, which are concerned more with high speed control and initiation of actions, and data communication than with numerical calcula tion. RTL had also to be strongly error-preventing and as far as possible applicable to a wide variety of small computers. The ultimate design of the language RTL/2 to meet these requirements is described by J. G. P. Barnes (52) .
Christopher made an attempt to put the RTL work on a wider footing by discussing it with other major user industries, the British computer makers and Government technical departments. Although a limited measure of collaboration was achieved with I.C.L., C.E.G.B. and the British Steel Corporation, the * The normal I.C.I. documentation for a large purchase.
project remained essentially an I.C.I. development. His unswerving wish to support things British, and in particular the British computer industry, made this a great disappointment to him. It is also worth noting that although this language development had many I.C.I. supporters, particularly among working scientists, it also had many I.C.I. critics who thought it less of I.C.I. than of general world benefit, an argument which again called for all his political skills. During this same period a roughly parallel development was taking place within Government laboratories on a language C oral for defence applications; although technical exchanges took place the two initiatives were not combined. Both C oral and RTL were pioneering developments with no realistic equivalents at the time in other countries including U.S.A., and both have been successful, but the international commercial impact of a single U.K. development might have been greater. The first prototype language RTL/1 was completed in 1970 and was used to program a major I.C.I. on-line system for Terylene polymerization, based on a Ferranti Argus 500, which is still in successful operation.
The final version, RTL/2 was released in 1972 and has since been used to provide the software for nearly 200 I.C.I. computer systems. It has been particularly successful in enabling highly reliable systems to be developed quickly and with modest programming effort. In 1974 RTL/2 was made available commercially and is now in use by some 80 organizations in Europe and further afield. It is also being considered by the B.S.I. as a British Standard.
The general aim of the M e d ia research team (J. R. Halsall et al.) (51) was to design a completely digital interface system, using the latest integrated circuit technology based on a small number of basic digital electronic modules, which could be used in varying configurations to interface any measurement and to generate control loop functions. The most novel aspect of the system was a solution to the problems of achieving compatibility with any on-line computer, and freedom from obsolescence as computer speeds increased.
The M e d ia development posed two major problems to Christopher: the need to win and maintain active support for the development and its use within I.C.I. systems, and the need to arrange for an instrument company, preferably British, to take over further development and supply I.C.I. He did much to achieve the first and laid the foundations for the second, although in the event he retired because of ill-health before this was completed. Within I.C.I. both these systems have been used in the great majority of applications over the past few years, and contributed materially to a spectacular increase in the number of on line computers in plants and laboratories from nil in 1962 to 350 in 1977. Though much of the increase occurred after Christopher's retirement, it all owed much to his efforts. P rocess R esearch 1 he developments that Christopher initiated during the 1950s towards better scientific understanding of chemical plants and processes used computerized mathematical models mainly to predict dynamic and transient behaviour. By 1960 it had become clear to him that this approach must be extended to include the steady-state modelling of both the key unit operations in chemical processes and of the complete process flowsheet. Only in this way could he hope to realize his ultimate aim of designing the process and its control system as a single optimized entity.
This posed a new challenge to develop a major new research initiative in a scientific area where neither Christopher nor the Laboratory was skilled. The team he assembled to pursue this objective, led by R. L. Day and joined later by S. F. Bush, made the theme an important one in the 1960s, and the Laboratory's main task in the 1970s. Although not himself a specialist, his skills of constantly injecting outstanding new recruits both from inside and outside I.C.I., and of insistence on setting ambitious targets created a challenging and motivating environment in which this work flourished.
The initial emphasis was concentrated on the chemical reactor as the single most important unit operation, and at the heart of every chemical process. The traditional approach with few exceptions at the time was empirical, based on experimental extrapolation; chemical kinetics were a rather academic curiosity. Chemical reactors are extremely complex and hence the approach, now standard practice, was firstly to change the experimental aims so as separately to determine the key scientific components of the system (e.g. chemical kinetics, mass and heat transfer, fluid mechanics) and secondly to combine these mathematically by means of a computer-based mathematical model, to predict the behaviour of any particular reactor geometry or set of operating conditions.
As part of this strategy the Laboratory developed novel experimental reactors specifically designed to obtain high quality chemical kinetics under highly defined conditions and where possible free from physical rate constraints. Two of the best known examples, which have been widely used, are (i) the stirred gassolid reactor (46) and (ii) the jet mixed reactor (49). Both these reactors were deliberately small in size (e.g. 50 ml) in order to achieve well defined operating conditions and at the same time to simplify, cheapen and reduce the time re quired to obtain kinetic data.
In parallel with this work Christopher took the opportunity to pursue another concept for which he had great personal enthusiasm, the use of the on-line computer in laboratory experiments. The combining of these two highly ambitious aims stretched the skills and resources of the research teams to the limit and is typical of his management style. Both were very successful and at the forefront of developments world-wide, which says much for his personal drive, persuasive charm and motivating skills. The development was based on one of the first Ferranti Argus 400 computers and used a new prototype high-level language developed in the Laboratory (the forerunner of RTL) to allow experi mentalists to program the on-line computer directly. This was one of the first successful time-shared systems in the world, running up to six experiments simultaneously (36).
Christopher set up a joint program to apply this new approach to design of a chlorination reactor in I.C.I.'s Mond Division and the successful results were reported in Proceedings of the Royal Society in 1969 (50) . The reaction is highly exothermic, fast and prone to thermal runaway and instability, and critically dependent on fluid dynamics, mixing and diffusion processes; a combination that made scientific interpretation of results from a conventional experimental reactor virtually impossible. The study led to a fundamentally based mathe matical model that successfully predicted the effects of geometry changes, including scaling-up changes in process operating conditions and the start-up and dynamic stability of the reactor, as well as steady-state performance. A later application to the more chemically complex hydrocarbon and naphtha cracking reactions required another important advance (53).
The work on reactors increasingly highlighted the need for mathematical modelling and optimization of the complete process. Early work in 1961 (not published) on />-xylene isomerization was an important example where a sensible mathematical model, both of the reactor itself and the total flowsheet, was developed. Here again Christopher set up an initially embarrassingly ambitious project, which nevertheless served to challenge and motivate the team, and led to developments at the forefront of technology. By the mid-1960s this project had developed to the stage where Christopher took the now familiar step of setting up a laboratory team within a Division, Mond Division at Runcorn Heath in this case, in order to involve a practising Division Design and Engineering Depart ment in the development. The prototype 'Flowsheeting' system Network 67 was described in publications in 1968 (47, 48) and led to Flowpack I, the first robust general purpose system to be developed by the Laboratory, and used widely inside I.C.I. and in many universities. This was superseded by Flowpack II which has also been sold to other companies and widely used. These systems have made it possible to examine more alternatives, more thoroughly, in less time. They lead to lower cost and more ideal designs, and can collect together the cumulative experience and advances subsequently made by users. Again, although Christopher retired before Flowpack II achieved this success, the project owed a great deal to his challenging vision, management and support. He also gave much time to education, as a member of the Council of the Battersea Polytechnic from 1956 to 1966, and thereafter of the Council of its successor, Surrey University. He was also a member of the Instrumentation and Control Engineering Board of the Council for National Academic Awards. He understood, well in advance of its current popularization, the need to interest schoolboys in engineering, and worked hard for this through his membership of the Com mittee of the Engineering Section of the British Association. He worked also for several government committees and service establishments, including an Inter departmental Committee on Servomechanisms, the Glazebrook Committee on the role of the N.P.L. in instrumentation, and several committees of the D.S.I.R. and Ministry of Technology. He long hoped to continue working, for education particularly, after retirement, and his appointment as a Fellow of the Royal Society in 1972 gave him a further objective for these future interests, as well as very much pleasure and pride, though unfortunately his health did not allow him to develop them fully. However, he continued to work up to his final, mercifully brief, illness on ideas for a device analogous to a bat's sonar that would help the blind to avoid obstacles. He had always supported the Royal National Institute for the Blind and was for a time on one of its sub-committees.
He was very weak and ill in 1969 when he received a D.Tech. from the Uni versity of Bradford, but he had a profound sense of occasion and dignity, and made a great effort to attend the ceremony and was a very dignified figure at it, as he was shortly afterwards when he was presented with the first Sir Harold Hartley medal, receiving it from Sir Harold himself, who said:
'It is now my happy privilege and great pleasure first to sing the praises of Dr Christopher Young-still blushing from the laudation at his Honorary degree at Bradford-and then to hand him this medal which he has so richly deserved.
'The whole of his working life has been dedicated to instrumentation and control; he has a wonderful record of distinguished achievement in those fields. We first met at Billingham many years ago when he was a young physicist and I went to discuss boiler failures. We had a slight argument and I said: "If you are right, I shall have far more failures of locomotive boilers than actually occur" . A month later I received a telegram from him, announcing he had been marooned in a train owing to a boiler failure! Fortunately, it was on the North Eastern! 'Soon after that he rendered me a great service in his work on the instru mentation of two war projects in which I was heavily engaged and in 1946, because of his imaginative approach and the skill with which he had adapted automatic control, data processing, systems engineering to the problems of his great company, Imperial Chemical Industries, they founded a new laboratory, the Central Instrument Research Laboratory, with Christopher at the head. You know what a compliment that was in a company so wedded to a divisional system. There, for the past twenty-two years, Christopher has been the spearhead of development and so many of the developments of his great company stem from him.
'It was his excellent service with the digital computer at Wilton that led to the introduction of computers all through the company and, again, it was his first computer-controlled pilot plant that was built on a large scale at Fleetwood and was one of the first computer-controlled plants in the world. It was a great breakthrough. 'I had the good fortune to be President of the Institution of Chemical Engineers during Christopher's brilliant tenure of office as the President of this Institute [of Measurement and Control], or the Society as it then was. We worked together and then he nominated me as his successor and, of course, I had to rely on his advice. So you see, it is not just a coincidence that our two names figure on this medal. It is cause and effect. Without Christopher, mine would certainly not be there.
'It only remains to hand Christopher this medal with our affectionate congratulations, our delight at his gallant recovery, and our pleasure that his wife is here to share in his triumph.'
As Sir Harold implied, Christopher had just undergone a major operation for cancer. He bore considerable discomfort and pain, and full knowledge of the seriousness of his condition, with extraordinary calmness and courage, contem plating death without fear, and studying the latest information about treatments for cancer more to avoid any possible mental impairment than to seek hope.
His illness did not lessen his enthusiasm and interest in his work, but he was unable to command his former superabundant energy. Nevertheless, he was able to bring to fruition a number of the developments which have been referred to above, notably M e d ia and RTL, and was able to see the successful transfer of much control technology into the manufacturing Divisions of I.C.I. It was an immense pleasure to him to see the results and influence of the small group responsible for these discoveries become so much appreciated throughout I.C .I., and indeed widely outside it. However, the toll on his health continued and in 1971 he was content to relinquish the Directorship of the Laboratory and to accept the advisory post of its Technical Director. He still continued to take an active interest in its work and finally retired in March 1973 only a short time before reaching the normal I.C.I. retirement age of 62.
Christopher Young had developed and fostered the Laboratory as a separate corporate institution in I.C.I. and felt strongly that this arrangement, including geographical isolation, was the best to ensure its continued health and value to the Company. It was a source of great regret to him that the decision was finally taken in 1972 to merge the Central Instrument Research Laboratory with the existing Petrochemical and Polymer Laboratory at Runcorn under the new title of the Corporate Laboratory and under a single Director, and to complete the merger by the physical move of his former establishment to Runcorn in 1974. In the event, the ideas stimulated by Christopher Young in his last years at Bozedown have borne fruit in his laboratory's new environment and we hope that he would have been satisfied with the way the work developed after his retirement, though his exceptional ability would no doubt have led to searching criticism.
